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Histogram Equalization
• The gray scale distribution may not be sufficient in the image with the contrast stretched. In other words, 

the quantitative distribution of each gray level in the image to the dynamic range can be very non-uniform.

• In cases where this distribution is not well balanced, the contrast across the image will be low or the 
desired information will remain in the dark part of the image.

• To overcome this situation, ideally the number of pixels with each gray level value is tried to be equalized. 
Thus, the distribution of gray levels into pixels becomes more uniform.

• The intensity of an image may be viewed as a random variable in the interval [0, 𝐿 − 1]. Let 𝑟𝑘, for 
𝑘 = 0,1,2, … , 𝐿 − 1 denote the intensities of an L-level digital image, 𝑓(𝑥, 𝑦). The unnormalized histogram of 𝑓
is defined as

ℎ 𝑟𝑘 = 𝑛𝑘 for 𝑘 = 0,1,2, … , 𝐿 − 1

• where 𝑛𝑘 is the number of pixels in 𝑓 with intensity 𝑟𝑘, and the subdivisions of the intensity scale are called 
histogram bins.

• Similarly, the normalized histogram of 𝑓 is defined as

𝑝 𝑟𝑘 =
ℎ 𝑟𝑘
𝑀𝑁

=
𝑛𝑘
𝑀𝑁

• where, as usual, M and N are the number of image rows and columns, respectively.

• The sum of 𝑝 𝑟𝑘 for all values of 𝑘 is always 1.The components of 𝑝 𝑟𝑘 are estimates of the probabilities 
of intensity levels occurring in an image.
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Histogram Equalization
• We focus attention on transformations (intensity mappings) that produce an output intensity value, 𝑠𝑘, for a 

given intensity value 𝑟𝑘 in the input image. 

𝑠𝑘 = 𝑇 𝑟𝑘 = 𝐿 − 1 

𝑗=0

𝑘

𝑝𝑟 𝑟𝑗 𝑘 = 0,1,2, … , 𝐿 − 1

• where, as before, 𝐿 is the number of possible intensity levels in the image (e.g., 256 for an 8-bit image). 

• Thus, a processed (output) image is obtained by using above equation to map each pixel in the input image 
with intensity 𝑟𝑘 into a corresponding pixel with level 𝑠𝑘 in the output image.

• This is called a histogram equalization or histogram linearization transformation. 
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Histogram Equalization
• Example 7: Illustration of the mechanics of histogram equalization.

• It will be helpful to work through a simple example. Suppose that a 3-bit image (𝐿 = 8) of size 64 × 64
pixels (𝑀𝑁 = 4096) has the intensity distribution in below table, where the intensity levels are integers in
the range 0, 𝐿 − 1 = [0, 7].
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• The histogram of this image is sketched below.

• Values of the histogram equalization 
transformation function are obtained 
using 

𝑠𝑘 = 𝑇 𝑟𝑘 = 𝐿 − 1 

𝑗=0

𝑘

𝑝𝑟 𝑟𝑗

• For instance,

• Similarly, 𝑠1 = 𝑇 𝑟1 = 3.08, 𝑠2 = 4.55, 𝑠3 = 5.67, 𝑠4 = 6.23, 
𝑠5 = 6.65, 𝑠6 = 6.86 and 𝑠7 = 7.00. 
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Histogram Equalization
• Example 7 (Cont.): This transformation function has the staircase shape.

5

• At this point, the 𝑠𝑘 values are fractional because they were generated by 
summing probability values, so we round them to their nearest integer 
values in the range [0, 7]:

• These are the values of the equalized histogram. 

• Observe that the transformation yielded only five distinct intensity 
levels. Because 𝑟0 = 0 was mapped to 𝑠0 = 1, there are 790 pixels in 
the histogram equalized image with this value. Also, there are 1023 
pixels with a value of 𝑠1 = 3 and 850 pixels with a value of 𝑠2 = 5. 

• However, both 𝑟3 and 𝑟4 were mapped to the same value, 6, so there 
are 656 + 329 = 985 pixels in the equalized image with this value. 

• Similarly, there are 245 + 112 + 81 = 448 pixels with a value of 7 in 
the histogram equalized image. 

• Dividing these numbers by 𝑀𝑁 = 4096 yielded the equalized 
histogram.

• Because a histogram is an approximation to a PDF, and no new allowed 
intensity levels are created in the process, perfectly flat histograms are 
rare in practical applications of histogram equalization using the method 
just discussed. 
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• Example 8: It can be clearly seen below that the contrast of the histogram equalized image is better. Details 
(especially in the hair area) became more pronounced. A brighter image is obtained.
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function O=func_hist_eq(I)

[n,r] = imhist(I);

L=numel(r);

[M,N]=size(I);

p_r=n./(M*N);

s=zeros(1,L);

for k=0:L-1

s(k+1)=round((L-1)*sum(p_r(1:k+1)),0);

end

O=zeros(M,N);

for i=1:M

for j=1:N

O(i,j)=s(I(i,j));

end

end

clc;clear;close all;

I=imread('Lenna.png');

O=func_hist_eq(I);

O=uint8(O);

figure,subplot(221),imshow(I)

title('Input Image')

subplot(222),imhist(I)

title('Histogram of Input Image')

subplot(223), imshow(O)

title('Histogram Equalized Output Image')

subplot(224),imhist(O)

title('Histogram of Output Image')

𝑝 𝑟𝑘 =
𝑛𝑘
𝑀𝑁

𝑠𝑘 = 𝑇 𝑟𝑘 = 𝐿 − 1 

𝑗=0

𝑘

𝑝𝑟 𝑟𝑗 𝑘 = 0,1,2, … , 𝐿 − 1
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• The histogram equalization process can also be applied to gray-scale images with a narrow dynamic range.
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• The left column shows the four sample images (with four basic 
intensity characteristics: dark, light, low contrast, and high contrast), 
and the center column shows the result of performing histogram 
equalization on each of these images. 

• The first three results from top to bottom show significant 
improvement. 

• As expected, histogram equalization did not have much effect on the
fourth image because its intensities span almost the full scale 
already. 

• The third column shows the histograms of the equalized images.

• While all the histograms are different, the histogram-equalized 
images themselves are visually very similar.

• This is not totally unexpected because the basic difference between 
the images on the left column is one of contrast, not content. 

• Because the images have the same content, the increase in contrast 
resulting from histogram equalization was enough to render any 
intensity differences between the equalized images visually 
indistinguishable. 
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Local Contrast Enhancement
• Contrast stretching and histogram equalization operations performed to improve the contrast of images can 

be considered as histogram-based enhancement methods.

• These methods can be seen as operations related to the whole image in the sense of changing the gray level 
values of the pixels with a transform function based on the gray level distributions in the image of interest.

• Although this global approach is suitable for overall image enhancements, it is often necessary to reveal 
details over small regions (patterns).

• As a solution to such situations, it is possible to design transform functions based on the gray levels in the 
neighborhood of each pixel in the image.

• A method that can be used for local enhancement is as follows:

• Instead of obtaining the histograms of the pixels in a certain neighborhood and then performing the 
histogram equalization over this neighborhood, local enhancement can be performed on the image according 
to other properties of the pixel brightness in the neighborhood.

• The mean and variance (standard deviation) of neighboring pixels are some of the most used properties 
because of their relevance to the appearance of the image. The mean of the pixels is a measure of the 
average brightness, and the variance is a measure of the contrast.
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Local Contrast Enhancement
• A typical local transform based on this idea obtains the output image denoted by O from the input image I 

at each (i,j) pixel location with the transform function defined below.

• Here,

• and,

• 𝜇𝑖𝑗 is the average of the gray level values of the pixels in the neighborhood with center (i,j).

• 𝜎𝑖𝑗 is the standard deviation of the gray level values of the pixels in the neighborhood with center (i,j).

• 𝜇 is the average of the gray level values of the all pixels in the input image (global average).

• 𝐴𝑖𝑗 is the local gain multiplier and applying 𝐴𝑖𝑗 to the difference of 𝐼 𝑖, 𝑗 and 𝜇𝑖𝑗 in the equation (1) 
strengthens the local changes.

• In this sense, 𝐴𝑖𝑗 is determined to be inversely proportional to the standard deviation of the brightness, as 
can be seen from the equation (2). Thus, regions with low contrast will be multiplied by the higher gain value 
and the contrast will be increased in the relevant regions.

• In equation (1), the average brightness value at (i,j) position is added back to the equation in order to 
correct the average brightness level of the image in the local region.
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𝑂 𝑖, 𝑗 = 𝐴𝑖𝑗 𝐼 𝑖, 𝑗 − 𝜇𝑖𝑗 + 𝜇𝑖𝑗 (1)

𝐴𝑖𝑗 = 𝛼
𝜇

𝜎𝑖𝑗
0 < 𝛼 < 1 (2)
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Local Contrast Enhancement
• Considering that the sizes of the windows to be used in local enhancement generally consist of (2𝑛1 + 1)

rows and (2𝑛2 + 1) columns, the mean and variance of the gray level values of the pixels in the (𝑖, 𝑗)
centered neighborhood can be calculated using the equations below.
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𝜇𝑖𝑗 =
1

(2𝑛1 + 1)(2𝑛2 + 1)


𝑘=−𝑛1

𝑛1



𝑙=−𝑛2

𝑛2

ҧ𝐼 𝑖 + 𝑘, 𝑗 + 𝑙 (3)

𝜎𝑖𝑗
2 =

1

(2𝑛1 + 1)(2𝑛2 + 1)


𝑘=−𝑛1

𝑛1



𝑙=−𝑛2

𝑛2

ҧ𝐼 𝑖 + 𝑘, 𝑗 + 𝑙 − 𝜇𝑖𝑗
2

(4)

• Here ҧ𝐼 𝑖, 𝑗 shows the gray level values of the pixels in the (𝑖, 𝑗) centered neighborhood.

• As a result, the mean and variance values expressed by the equations (3) and (4) are calculated by applying 
the window whose general form is given in the figure below, so that the center of the window coincides with 
the pixel at the (i, j) position of the image.
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Local Contrast Enhancement
Applying local contrast enhancement to the input image with the window of size (2𝑛1 + 1) × (2𝑛2 + 1) is 
performed by shifting the window so that the center of the window will be placed on each pixel of the 
image.
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Local Contrast Enhancement
In order to avoid any error while performing the local contrast enhancement operation on the edge pixels 
of the input image, it is necessary to add zeros to the four edges of the input image according to the size 
of the window.

The process of adding zeros to the input image is illustrated in the figure below.
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Local Contrast Enhancement
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function O=func_loc_con_enh(I,n1,n2,alpha)

%   I: double type input image

%   O: double type Output image 

[M,N]=size(I);

mu=sum(I(:))/(M*N); %Global average of the gray level values of the 

%all pixels in the input image

%Initialization of expanded input and output image matrices:

I_tmp=zeros(M+2*n1,N+2*n2);

O_tmp=zeros(M+2*n1,N+2*n2);

%By embedding the I image into the zero matrix, 

%an I_tmp image with zero added to the edges is created.

I_tmp(1+n1:M+n1,1+n2:N+n2)=I;

%By moving the (2n1+1)x(2n2+1) sized window inside the I_tmp image, 

%the expanded output image O_tmp with zero added to the edges is obtained.

I_tilde=zeros(2*n1+1,2*n2+1); %Initialization of sub_image matrix I_tilde

for i=1+n1:M+n1

for j=1+n2:N+n2

%Obtaining (2n1+1)x(2n2+1) sized sub_image matrix I_tilde:

for k=-n1:n1

for l=-n2:n2

I_tilde(k+n1+1,l+n2+1)=I_tmp(i+k,j+l);

end

end

%Obtaining mean and standard deviation of the gray level values 

%of the pixels in the (i,j) centered neighborhood 

mu_ij=sum(I_tilde(:))/((2*n1+1)*(2*n2+1));

sigma_ij=sqrt(sum((I_tilde(:)-mu_ij).^2)/((2*n1+1)*(2*n2+1)));

if sigma_ij==0

sigma_ij=eps; %To avoid dividing by zero error

end

A_ij=alpha*mu/sigma_ij;

O_tmp(i,j)=round(A_ij*(I_tmp(i,j)-mu_ij)+mu_ij);

end

end

%Removing redundant zeros at the edges of the expanded output image.

O=O_tmp(1+n1:M+n1,1+n2:N+n2);

𝑂 𝑖, 𝑗 = 𝐴𝑖𝑗 𝐼 𝑖, 𝑗 − 𝜇𝑖𝑗 + 𝜇𝑖𝑗 𝐴𝑖𝑗 = 𝛼
𝜇

𝜎𝑖𝑗
0 < 𝛼 < 1

𝜇𝑖𝑗 =
1

(2𝑛1 + 1)(2𝑛2 + 1)


𝑘=−𝑛1

𝑛1



𝑙=−𝑛2

𝑛2

ҧ𝐼 𝑖 + 𝑘, 𝑗 + 𝑙

𝜎𝑖𝑗
2 =

1

(2𝑛1 + 1)(2𝑛2 + 1)


𝑘=−𝑛1

𝑛1



𝑙=−𝑛2

𝑛2

ҧ𝐼 𝑖 + 𝑘, 𝑗 + 𝑙 − 𝜇𝑖𝑗
2
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• Example 9:
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• Example 9 (Cont.):
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• Example 9 (Cont.):
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clc;clear;close all;

I_org=imread('teyze.bmp');

n1=2; n2=2;%Window size is 5x5

alpha=.25;

I_org=double(I_org); %Converting to double for mathematical

%calculations

O_lce=func_loc_con_enh(I_org,n1,n2,alpha);%Locally enhanced image

%Converting back to uint8 for visual purposes

%and before Hist. Eq. process

I_org=uint8(I_org);   O_lce=uint8(O_lce);

O_HistEq=func_hist_eq(O_lce);%Histogram Equalized Image

O_HistEq=uint8(O_HistEq);%Converting back to uint8

figure,subplot(2,3,1), imshow(I_org), title('Original Image')

subplot(2,3,[2 3]), imhist(I_org), title('Histogram of Original Image')

subplot(2,3,4), imshow(O_lce);

title([' Locally enhanced image for ',num2str(2*n1+1),'x',...

num2str(2*n2+1),' window and ','\alpha=',num2str(alpha,3)])

subplot(2,3,[5 6]), imhist(O_lce);

title('Histogram of the Locally Enhanced Image')

figure,subplot(231),imshow(O_lce)

title('Locally enhanced input image')

subplot(2,3,[2 3]),imhist(O_lce)

title('Histogram of the locally enhanced input image')

subplot(234),imshow(O_HistEq)

title('Histogram Equalized Output Image’)

subplot(2,3,[5 6]),imhist(O_HistEq)

title('Histogram of Output Image')
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END OF 
PRESENTATION 4
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